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© The present invention provides a nucleic acid detection method to detect trie presence of a nucleic acid to 
be detected lr. a sample nucleic acid, upon detecting a formation of a nucleic acid to ce oetected-probe nucleic 

^ acid hybrid in the reaction between the sample rucleic acid and a prote nucleic acid, wherein said sample 

0} nucleic acid is appliec with a label available for cotecting said hybrid. 
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NUCLEIC ACIO DETECTION METHOD 



BACKGROUND OF THE INVENTION 



Field of the invention 

This invention relates to a nucleic acid detection method utilizing the hybrid formation reaction with two 
kinds of nucleic acids having complementarity, and a method for detecting a gene inherent in gene diseese 
utilizing said method. 

TO 

Related Background Art 

When single stranded ONA's or RNA's have complementarity to each other, the portions having 
complementarity are bonded to become a double-strand, thereby forming a hybrid. As the methods for 
75 detection or quantification of nucleic acids utilizing the hyoridization reaction, there may be included various 
methods such as the Southern method, etc., which have become one basic technique In various genetic 
engineering methods such as cloning of gene, gene recombination, screening of desired gene or diagnosis 
of disease by use of test sample gene. 

As the analytical method utilizing hybridization of nucleic acid, there has been generally employed the 
20 method, in which a probe comprising DNA or RNA is applied with a label for detection of a hybrid, the 
labelled probe is hybridized with a sample nucleic acid, and the hybrid formed is detected by utilizing the 
label imparted to the probe. 

As the method for labelling probe, there have been employed the method in which a radioisotope is 
introduced into probe, or the method in which a compound necessary for light-emission reaction, color 
zs formation reaction, fluorescent reaction, etc. is introduced into or bound to probe. 

As the probe, for example, nucleic acid fragments directly separated from animals, plants, microorgan- 
isms, etc.. cloned nucleic acid fragments cloned according to predetermined standards, oligonucleotides 
synthesized by a synthesizer, etc. have been utilized depending on tne purpose, etc. 

With development of genetic engineering, utilization frequency and application range of the analytical 
37 method of nucleic acids utilizing hybridization are also enlarging, and it has been increasingly demanded to 
have a method which can perform analysis with good sensitivity by simpler operations. 

For example, in case of labelling by use of a radioisotope, it has the advantage of having good 
detection sensitivity of hybrid, etc., while expensive reagents, special instruments, devices, etc. therefor are 
required, because of handling of a radioactive suostance. anc also the operations are accompanied with 
35 danger. 

On the contrary, non-radioactive labelling as represented by labelling with an enzyme utilizing the 

nuorescent reaction of Diotin-avicin-antf-avidin amibody-fluortscam dye complex, while it has tre advantage 

of performing labelling and detection by safe and simple operations, has the drawback that detection 

sensitivity is liable to be lower when employed for labelling of probe. 
40 Also, in various analyses, nucleic acid fragment having a nucleotide chain lergth of 100 oases or more 

may be frequently employed as the probe to be labelled. Although such relatively longer nucleic acid 

fragment has the advantage that it can be laoelled with relatively ease, synthesis by a synthesizer can be 

done with difficutty, and therefore there is the drawback that cumbersome workings such as separation 

operation from living body, cloning, etc. are required for its preparation. 
<5 On the contrary, a nucleic acid fragment with a length of less than 100 bases has the advantage that it 

car. be synthesized easily by a synthesizer. However, it has the drawback that labelling, particularly 

labelling by a nick translation or an enzyme cannot be easily done. 

Further, wlwn il is desired to analyze plural Winds of nucleic acids by use of plural kinds of probes at 

the same time, for discrimination of which probe is contained in the hybrid formed, it is necessary to apoly 
so labels different from each ether to the probes corresponcing to the respective nucleic acids. However, such 

operations are extremely cumbersome. 

On the other hand, application of the analytical method of nucleic acid utilizing hybridization for the 

detection methed of a gene related to disease is now being watchec. 

As the diseases induced by mutation, etc. at gene lev6l. there have been known various gene diseases. 

for example, hereditary hemoglobin abnormal diseases such as phenylketonuria, thalassemia, etc.. OTC 
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(omitine transcarbaroylase) cefidency. Duchenne type muscular dystrophy, etc. 

Also, there is a report that mutation of a protein by gene mutation participates in generation of a certain 
kind of cancer. 

Or, me probability is Increasing that serious diseases such as AIDS. ATL. etc are caused to occur Dy 

retrovirus. A . , . • 

Diagnosis of a gene disease has teen generally done by measuring the activity of the enzyme ana the 
amount of the protein characteristic of the gene disease and judging where there is deficiency or 
abnormality in these from the results, but in some cases, the enzyme which becomes the index of the 
disease may exist locally at the site of organs, etc from which sampling can be done with difficulty or a test 
sample may te available with difficulty, and also the index enzyme to be measured cannot be sometimes 
identified, and these Diagnosis methods are not necessarily satisfactory. 

On the other hand, diagnosis of viral infectious disease has been done exclusively by the ELISA 
method and the PA method, but these methods ere not necessarily correct 

If a gene disease, cancer, viral infectious disease can be found at early stage by diagnosis at gene 
level for which sampling of a test sample is relatively easier end correct examination can be expected, 
adequate therapy can oe done at early stage. Thus, it has been increasingly demanded tc have a diagnosis 
method at gene level 

As one of such effective methods, there is. for example, RFLP (restriction fragment length polymor- 
phism). 

This method ts a method in which the DNA fragment obtained by cleavage of the whole gen© of human 
bemg with restriction enzymes Is developed by agarose gel electrophoresis, the electrophoresed fragment 
is hybridized with a probe ON A labelled with radioisotope . etc.. and the pattern of electrophorogram of the 
hybrid detected by utilizing the label is compared with that of electrophorogram obtained similariy for the 
normal gene, thereby detecting the gene related to the disease. 
25 The diagnosis method by analysis of gene utilizing RFLP. etc is given attention as an extremely useful 
method in practicing a surer diagnosis. 

However. In practice of these methods, the testing personnel is required to navo molecular biological 
knowledges and skilled technique, and yet the operations are also cumbersome, and therefore persons 
engagec in medicine such as physicians, examination engineers, etc. cannot easily practice the method. 
30 Also, in these methods it takes about one day for each step of cleavage of DNA. Southern blotting, 
hybridization, and it takes a tang time for obtaining the final result, whereby the number of lest samples 
handled per one examination is limited and therefore it is a very difficult working to examine ONA's of many 
patients over multiple items. 

Also, application of the detection method utilizing hybridization of nucleic acids to the taxcnom:c 
35 method of microorganisms such as bacteria, etc. perticjlerty for assay of pathogens, attracts notice. 

Taxonomic identification oi microorganisms has been practicec by investigating the ecological prop- 
erties and biochemical properties of microorganisms by comparison with the standard microorganisms. 

However, according to such a method, there are some cases that judgement of the properties may 
differ depending on the examination method cr that the identification results may differ depending on which 
40 property is important. 

in the case when the test sample is bacteria obtained from a patient having causes an infectious 
disease, if there is an error in the identification results, no adequa;e corresponding treatment ran be done, 
and hence a surer identification is particularly required. 

Accordingly, in recent years, in order to provide 3 surer identification method, there hive oeen made 
4S attempts to use the DNA-DNA hybridization method for detection and identification of causative bacteria in 
oacterial infectious diseases. 

In this method, a characteristic base sequence of said bacteria in DNA's of bacteria is made the 
standard secuence. and whether a base secuence highly homologous with said standard sequence exists in 
the DNA extractec from the test sample bacteria or not is examined according to the hybridization metnod 
so by use of a probe caoable of detocting said standard secuence. thereby performing laxonomic identification 
of the test sample bacteria. 

As the probe in this mefl-od. the DNA fragment cloned from the chromosome of bacteria, the plasmid 
itself possessed by the bacteria, synthetic oligonucleotides, etc. may be employed. 

Specifically, there may be included the following methods, in which the probe employed is: 
s< 1) a cloned random fragment; 

2) a ribosome RNA: ana 

3) a synthetic oiigonucleotice having a case secuence characteristic of the species or the ganus 
selected from the base secuence of rifcesome RNA. 
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As the above method 1). a method, in which random fragments obtained by cleavage of DNA extracted 
from bacteria wfth an appropriate restriction enzyme are cloned, and me clone specifically reacdve only with 
the desired taxonomic group frcm among them is selected and used as the probers been known from, 
for example, Criale. M.S, Flowers. R.S. et ah: ONA probes, 143*148. 1966. etc. 

As the above method 2). there has been known a method disclosed by Edelstem. PH., J. Clin. 
Microbiol.. 23:481-484, 1986. This is a method which is being watched in the fact that the ribosome RNA's 
of bacteria are relatively similar within the same taxonomic group, and there is the advantage that the 
detection sensitivity becomes higher by use of ribosome RNA. because a large number of gene copies 
exists in the chromosome of bacteria. 

As the above method 3). there have been reported examples in which base sequences specific to the 
genus the species or the subspecies, etc. belonging to the genus Proteus selected from the base 
sequence of the ribosome RNA of the genus Proteus are utilized for probe (Maun. Q. & Gobel. U.: FEMS 
Micrcbtol. Lett.. 43: 187-194, t987). 

However, also these methods have commonly the problems in the various analytical methods tor 
15 nucleic acids utilizing hybridization as previously described. 



to 



SUMMARY OF THE INVENTION 

20 The present invention has been accomplished in view of the problems in various detection methods of 

the prior art utilizing the hybridization method as described above, and its object is to provide a nucleic acid 

detection method utilizing the hybridization method which can be practiced simply and correctly. 

Here, the present invention provides a nucJeic acid detection method to detect the presence of a 

nucleic acid to be detected in a sample nucleic acid, upon detecting a formation of a nucleic acid to be 
25 detected - probe nucleic acid hybrid in the reaction between the sample nucleic acid, the base sequence of 

which is not identified, and a probe nucleic acid, the base sequence of which has been already identified. 

wherein said sample nucleic acid is applied with a label available for detecting said hybrid. 

The present invention further provides a nucleic acid detection method to detect the presence of a 

nucleic acid to be detected, corresponding to a kind of a probe nucleic acid, which has formed a hybrid, in 
30 a sample nucleic acid, upon detecting a formation of a nucleic acid to be detected • probe nucleic acid 

hybrid in the reaction between the sample nucleic acid and a probe nucleic acid, wherein said sample 

nucieic acid is applied with a label available fcr detecting said hybrid. 

Also, the present invention provides an immobilized probe for nucleic acid detection, comprising two or 

more kinds of probe nucleic acids which hybridize with a labelled nucleic acid to be detected immobilized 
3S on a carrier. 



BRIEF DESCRIPTION OF THE ORAWINGS 

40 Fig. 1 is a chart showing the arrangement of spots of the probe nucleic acid or, a filter in Example 2: and 
Fig. 2 is a chart showing the arrangsment of spots of :he probe nucleic acid on a filter in Example 3. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

ds The method of the present invention can be utilized for detection, quantification of various nudetc acids 
such as DNA or RNA derived from Hving bedies cf human, animals, plants, microorganisms euch as 
bacteria, etc., fungi, protozoa, etc.. recombinant DNA, synthesized DNA, etc.. and kinds of nucleic acids 
which are the subject to be detected (nucleic acid to be detected) are not limited. 

In the method of the present invention, firstly a nucleotide cfcain length of sample nucleic acid to be 
so analyzed is controlled if necessary, and this is labelled. 

For these sample nucleic ac;ds. those extracted from natural products may be used, and for labelling of 
the sample nucleic acids, there can be utilized tr.e me*hocs generally utilized for labelling of probes, sucn 
as a labelling method by means of radioisotopes (Rl). a method in whicn non-radioactive laceiling 
substances (norvIR) such as enzymes or compounds necessary for Inducing fluorescence. light-emission or 
35 color formation such as biotin, dinitropheny Nucleotide derivatives, etc. are introduced into or bound to 
sample nucleic acids and so on. 

For labelling of sample nucleic acids. :he terminal enc labelling method, the subrJtutlon synthesis 
method, the nick translation method, ex. can be utilized. 
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When the same extent of labelling amount Is used. non-RI label is generally lower in sensitivity as 
compared with W label, but in the method of the present invention, detection with hign sensitivity becomes 
possible even when a non-RI label may be employed. ~ , 

in tne method of the prior art. probe nucleic acids having a short nucleotide chain length are labe-lcd 
S and used in most cases, but in such cases, the label incorporate portion is limited, and the inccrporaacn 

amount of label is limited. . . 

On the contrary, in me method of the present invention, when the nucleotide chain length of a sample 
nucleic acid is Ion* the sampte nucleic acid has many label incorporating portions, and therefore even in 
the case or labelling with non-RI. by increasing the label incorporation amount its low sensitivity can be 
io compensated, whereby detection with high sensitivity is rendered possible. 

When the sampte nucleic acid Is double-stranded, It is formed into a single strand at en appropriate 
stage before effecting hybridization, for example, after labelling. 

On the other hand, as the probe nucleic acid, any nucleic add having a base sequence wheh can 
hybridize effectively with the nucleic acid to be detected can be utilized, and an oligonucleotide with 
relatively shorter nucleotide chain length (e.g. 100 bases or teas) which can be artificially synthesized 
conveniently by a DNA synthesizer can be readily utilized. 

to the present Invention, one having shorter nuctetide chain length can be utilized as the probe nucieic 
acid, and the probe can be formed with high precision even when its length may be, for example. 1/10 or 
less, preferably 1/20 or tess. more preferably 1/30 or iess. of the nucleotide chain length of the nucieic acid 

20 to be detected. * 
By use of a probe nucleic acid with such short nucleotide chain length, there ere such advantages that 

synthesis, availability or preparation of the probe nucleic acid itself become extremely easy, that the 

reaction time for hydridization can be shortened, that the step of labelling onto the probe nucieic acid can 

be omitted, that detection with high sensitivity becomes possible, etc. 
2$ Utilization of a probe nucleic acid with short nucleotide chain length in the present invention is also 

rendered possible, partly because no label is applied to the probe nucleic acid, whereby no requirement 

necessary for labelling is demanded for a probe nucleic acid. 

For example. In labelling according to the nick translation method or a binding method of a labelled 

enzyme, the nucleic acid to be labelled is required to have a nucleotide chain lenQth of some extent or 
30 more, but the probe nucleic acid utilized in the present invention is not cemanded to have such 

requirement. Therefore, it is readily available (preparec). anc also, as described above, it becomes possible 

to utilize one with short nucleotide chain lengrh capable of realizing detection with high sensitivity as the 

probe nucleic acid. 

For the reaction between the probe nucleic acid and the sample nucleic acid, the method of contacting 
36 an immcbifized probe nucleic acid with a sample nucleic acid can be suitably utilized. 

For immobilization of a prote nucleic acid, it is possible to utilize various methods which have beer, 
utiiized for immobilization of nucleic acids, such as the metnod in which probe nucleic acid is immobilizec 
onto an appropriate carrier for immobilization such as nitrocellulose, nylon mm. etc. by utilizing the physical 
adsorption method or chemical reaction. 
40 Hybridization of a probe nucleic acid with a labelled sample nucleic acid can be effected following 
conventional methods. 

For example, the conditions of hybrid formation reaction depend on the nucleotide chain length and the 
base sequence possessed by the probe nucleic acid. Generally speaking, It is carried out in a hybridization 
solution containing formamide, an appropriate salt and Denhardt solution, while controlling the temperature. 

45 Then, by washing the carrier with solutions of different conditions such as a solution, a salt concentra- 
tion of which is lowered, or a solution, temperature of which is elevated, DNA which forms no hybrid can be 
washed away from the carrier. 

As the conditions for the hybrid formation reaction and the conditions for washing, the optimum 
conditions corresponding to the desired object may be conveniently selected. 

so Detection of the hybrid formed may be practiced according to the operations corresponding to the kind 
of the label employed. 

Also, by analyzing quantitatively the amount of label possessed by the hybrid formed, the nucleic acid 
to be detected can be quantified. 

In the operations as described above, by use of plural kinds of nucieic acids as the prote nucleic acid. 
55 when a plural number of nucleic acids to be detected are contained ir, the sarr.p e nucleic ac;d. they can be 
detected at the same time. 

More specifically, piurai kinds of probe nucleic acids corresoonding to the respective plural kinds of 
nucleic acids to te detected are immobilized at a precetermined arrangement, so es to be seer wrich 
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probe nucieic acid is positioned at which position, then the immobilized probe nucieic adds are reacted 
with a labelled sample nucleic acid. After completion of the reaction, me formation position ol tne hybrid is 
detected by utilizing the label, and the kind of the corresponding probe nucleic acid is identified from the 
position indicating positiveness, and from the result the kind of the nucleic acicTto be detected contained in 
s the sample nucleic add can be judged. 

In the method using piurai kinds of probe nucleic acids. It can be easily judged from the Immobilized 
position previously set of probe nucleic acids that the sample nucleic acid has been hybridized with which 
probe nucleic acid since probe nucleic acids are immobilized at the positions previously set 

Therefore, it is not necessary to use different labels for respective probe nucieic acids so that the 
io respective plural kinds of probe nucleic adds can be chosen as in the method of the prior art in which 
labelled prcbes are allowed to react with a sample nucleic add. 

As the probe nucieic adds when using plural kinds of probe nucleic adds, various nucleic acids can be 
utilized. For effecting the hybrid formation reaction with plural kinds of probe nucleic adds efficiently at the 
same time by the same operation, it is preferable that the nucleotide chain lengths of the respective probe 
is nucleic adds should be controlled to the lengths necessary for the individual hybrid formation reactions in 
the plural kinds of probe nucleic adds to proceed under the same conditions. 

Specifically, for example, the dissociation temperature (Tm: temperature for a single strand formation) 
of the hybrids to be formed in the individual hybrid formation reactions may be preferably made regular. 
More specifically, for calculation of Tm value, various formulas have been employed depending on the 
20 hybridization solution employed. Fcr example, in 0.9 M NaCL Tm of an oligonucleotide of 20-mer or less is 
represented by: 

Tm = 2x(A + T)*<t*(G + C) 

wherein A, T, G and C respectively show the numbers of adenine, thymine, guanine, cytosine <see 

Continued Biochemical Experimental Course l, Gene Study Method II, p. 236). 
25 Accordingly, following this formula, the base sequences of the respective probe nucleic adds may be 

substituted in this fcrmula for selection of their lengths so that the Tm values in the respective probe 

nucleic acids may be regular. 

The nucleic add detection method of the present invention as described abcve is useful lor detection of 

genes inherent in gene diseases, cancers, viral Infectious diseases. 
30 As an example of detection of genes inherent in gene diseases, etc. according to the method of the 

present invention, the method including the processes shown beiow can be mentioned: 

a) the process for immobilizing e probe nucleic add related to the gene which is an index of the disease 
which is the examination item: 

b) Ihe prccess for labelling the test sample chromosome ONA (sample nucleic acid); 

35 c) the process for reacting the immobilized probe obtained in the process a) with the labelled ONA 
obtained in the process b); 

d) the prccess for detecting the hybrid formed in the process c) ty utilizing the label. 
As the nucleic acid probe used in the above process a), one having a base sequence necessary for 
recognizing the tase sequence inherent in a gene of gene disease, etc. may be emplcyed. and its 
40 nucleotide length is not particularly limited. 

For example, when a disease based on point mutation by substitution of one base pair is to be 
detected, in judging the difference of one base effectively and with good sensitivity, an oligonucleotide 
comprising ICO bases or less, preferably 25 bases or less, more preferably 17 to 20 bases may be 
employed as the nucleic acid probe. 
45 Also, the substitution site corresponding to ooint mutation should be preferably crrangod so as to bo 
positioned at the center of the oligonucleotide as the probe nucleic add for pedorming more accurate 
judgement 

In the process a), examinations over plural items can be cone at the same time by immobilizing the 
plural kinds of probe nucleic acids corresponding to the oiural examination Items at a predetermined 
so arrangement on the same carrier. 

Soecrfic operations can be dene following the method oy usa of plural kincs of probes as previous:y 
described. 

As the test sample ONA in the process b). a chromosome ONA itself, a chromosome DNA cleaved to a 
suitable length with an appropriate restriction enzyme, etc. can be utilized. 
56 When multiple items of examination are to be performed at th9 same lime, it is efficient to utilize 
fragments cleaved to suitable lengths with a restriction enzyme. 

Also, for labelling, the methods as mentioned acove, etc. can be utilized. 

The hybrid • formation reaction in the process c) can be performed according to tne method as 



EP 0 407 789 A1 



previously described. ,„ 
When point mutation is to be detected, only one difference of micleot.de may sometimes fail to 
differentiate presence and absence of a point mutation cue to generation of-mismatch between the probe 

and the nucleic acid. . _ _, „ k „h 

j However. Tm of hybrid is influenced by the base pair number not complementary m the mismatched 
hybrid, the contents of Q (guanine) and C (cytosine) in the probe nucleic acid, the rudeonce cnamlength 
of the probe nucleic add. the position of point mutation, the kind of mismatch, etc.. then it is important to 
select the temperature conditions, etc. which are free from generation of mismatch hybnd interfering with 
detection of the desired point mutation, corresponding to the conrtttfion of the probe r.ude.c acid 

to employed, etc . . . „ 

For example. Tm drops by 5 to 10°C per cne base oair which :c not complementary contained m a 

mismatch hybrid. .... , ^ 

Therefore, the temperature of hybridization is required to be selected m view of tne im or the desire- 
hybrid and the Tm of the mismatch hybrid which can be formed. 
,s Also when tluraJ kinds of probe nucleic acids are used as immobilteed on the same earner, .n addition 
to the requirement concerning the mismatch as described above, these nucleotide chain lengths, etc 
should be preferably controlled so that the Tm of the hybrids formed with the respective prcbe nucleic 
acida may be regular. 

The above-mentioned process d) can be performed according to the method corresponding to the label 
20 employed. 

In the method as described above, by using a nucleic acid having a base sequence Inherent m a 
microorganism such as bacteria, virus, etc. as the probe, and a nucleic acid separated from a microorgan- 
ism as the sample, microorganisms can be identified taxonomically. 

In the case of taxonomy of bacteria, the probe nucleic acid having a nucleotide chain length of about 
25 20-mer, while in the case of taxonomy of virus, one having a nucleotide chain lengtn cf about 20-mer m2y 
be suitably employed. 



Example 1 

30 

1-1 ) Immobilization of prcbe nucleic acid: 

A 41-mer oligonucleotide having the following DNA base sequence constituting a part of a plasmid pUC 
as 19 was synthesized by a DNA synthesizer <a product of ABI. Model 381 A): 
«'<5ATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATG a '. 

By use of a part of the synthesized product, Its purity was examined by 15 % poiyacrylamide ge! 
electrophoresis containing 7 M urea. As the result, the purity of the synthesizeo product was judged to oe 
90 % or higher, and therefore the synthesized product was used directly without purification in the 

4a subsequent operations. 

A solution for spotting of the synthesized product &> 200 ngu! concentration was prepared, and each 2 
ul of the solution was spotted onto a nitrocellulose filter {a procuc; ol Schleicher & Schanel), dried and then 
baked at 80 *C lor 2 hours. 

46 

1*2) Laoellirg ot sample nucleic acid and preparation of hybridization solution: ' 

As sample nucleic acids, a plasmid pSR 322 (Sample A), a plasmid pUC 19 (Sample B) and a mixture 
of the plasmid pBR 322 and the plasmid pUC 19 (Sample C. mixing weight ratio 1:1) were prepared, and 
so labelling of the sample and preparation 0 f the hybridization solution were conductod according to the 
following operations by using individually these samples. 

With 2 ul cf a solution containing 1 ug of Sample A, B cr C were mixed 2.0 ul of 10 :< TA buffer and 
16.0 ul of water, and to the mixture obtained was adced 10 units of Hlndlll (a product of TOYOBO). and the 
mixture was left to stand at 37 °C for 2 hours to carry ou: tne reaction. 
55 Next. 2.0 unrts of T40NA polymeraze (a product of TOYOSO) was added, followed furtner by T.9 
reaction at 22 * C. 

After cne hour, to the reaction mixture were added 2mM dATP 2.0 ul. 2 mM dCP 2.0 Ul ano 2 mM 
dGTP 2.0 u: (products of TOYOBO). and further 6.0 .ul cf biotinylated UTP (a product of BRL). and the 
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mixture was left to stand at 37 «C. 

After 40 minutes, the reaction was stopped by addition of 10 ul of 100 mM EDTA into the reaction 
mixture, and the reaction mixture subjected to heating treatment at 95 *CJcr 5 minutes to convert the 
product into a single strand. 

s The reaction mixture subjected to the heating treatment was mixed with 100 % fcrmamide 9 ml, 
20xSSC 5 mi, SO x Denhardt solution 0.4 ml, 1M sodium pnosphate buffer <pH 6.5) 0.4 ml and sonication- 
moditied salmon sperm DNA (a product of Slgmer) of 50.0 mg/ml concentration 0-1 ml to obtain a 
hybridization solution. 

According to the operations as described above, three kinds of hybridization solutions prepared from 
to Sample A, B and C respectively were obtained. 



1-3) Hybridization: 

73 By using individually the three kinds of hybridisation solutions obtained in the operation of the above 
item 1*2), hybridization was effected according to the following operations. 

Finn, a filter having the prcbe nucleic acid previously prepared immobilized in spots was dipped in a 
mixture of 200 ml of a mixture of 3 x SSC and Denhardt solution (mixing volume ratio 1:1) at 42 °C for 30 
minutes to effect pre-hybridization, then the hybridization solution {3 mi) of Sample A. B or C was added 
20 therein, and the mixture was seated within a polyethylene bag and left to stand at 42 °C. 

After 12 hours, the filter was taken out. washed and the color indication raaction was carried out in 
conventional manner (Blotndustry, Vol. 3. No. 6, 1989, 0479-504, etc.). 

As the result, when me hybridization solution from Sample 8 was employed and when the hybridization 
solution from Sample C was employed, color formation of blue violet was recognized at the spot of probe 
25 nucleic acid on the filter, whereby presence cf pUC 19 was confirmed in samples B and C. 



Example 2 

so 

2-1) Immobilization of probe nucleic acid: 

A 41-mer oligonucleotide having the following DNA bas9 sequence constituting a part of a plasmid pUC 
19 (Probe A) and a 41-mer oligonucleotide having the following ONA base sequence constituting a part of a 
35 plasmid pBR 322 (Probe B) were synthesized by a ONA synthesizer (a product of ABI, Model 381 A). 
Probe A 

5 GATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATG 5 
Probe 6 

3 CCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGT 3 * 
40 When Ihe purities of these synlhesUed products were examined according to the same operation item 

1-t) in Example I, both were found to have a purity of 95 % or more. These synthesiz e products were 

used directly without purification in the subsequent operations. 

A solution for spotting of each of the synthesized products at 200 ng/ul concentration was prepared, 

and each 2 ill of the solution was spotted onto a nitrocellulose filter (a product of Schleicher & Schanel) so 
45 that the 3pots of Probe A end 6 were arranged as shown in Fig. 1. dried ar.d then baked at 80 *C for 2 

hours. 



2-2) Labelling of sample nucleic acid and preparation of hybridization solution: 

so 

Sample nucleic acids were prepared es follows: 



Sample O: 

Mixture of plasmid pUC "9 and chromosome DNA prepared from £. coli JM109 strain (a product of 
TAKAHA) in conventional manner (mixing weight ratio, 1:1). 
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to 



Sample E: 

Mixture of plasmid pBR 322 and chromosome DNA prepared from E. c^HBIOI strain (a product Of 
TOYOBO) in conventional manner (mixing weight ratio. 1:1). 

Sample F: 

Chromosome DNA prepared from £. cofi HB101 strain m conventional manner. , 

Semp^ were conducted in the eame manner * in the Hem 1-2) in Example i to obta,n three fan* =f 
hybridization solutions from Sample 0. E and F. 



29 



25 



rs 2-3) Hybridization: 

Bv using individually the three kinds o< hyfcridiraticn solutions oDtained in the operation of the above 
item 2-2). pre-rrybridization. hybridization and color formation reaction -ere carried out In the same manner 

" TmeTesuu! ^Toltion occurred at the spot portion of Probe A on the filter w*ich had been 
reacted with the hybridization solution from Sample 0, while color formation occurred at the spot _port.cn ,0* 
Probe B on the filter which had beer reacted with the hybridization solution from Sample E On the 
contrary, no color formation was recognized at me spot portion on the mter which had been reacted w,th Ihe 

hybridization solution from Sample F. 

Example 3 

Among mutations of PAH gene seen in leukocyte DNA of phenylalanine patient, as mutations of high 
frequency C portion), the following ones have been known. 

Haplotype 3 

Normal: 5 ' TCCATTAACAGTAAGTAATTT 3 ' (Probe 1) 
Abnormal: ^TCCATTAACAATAAGTAATTT 3 ' (Probe 2) 
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«o Haplotype 2 

Normal: 5, CACAATACCTCGGCCCTTCTC 3 ' (Probe 3) 
Abnormal: 5 ' CACAATACCT JGGCCCTTCTC 3 {Probe 4) 

Accordingly, for utilizing these four kinds of oligonucleotides as crcbe nucleic acids, they were 
synthesized by a DNA synthesizer (a proouct of ABI. Mcdel 381 A). 

When the purities of the synthesized products were examined according to the same operaacn as m 
m the item VI) in Example 1 . all were found to have a purity of 95 % or more 

By using directy these synthesized products, according to the same operations as m the item 2-2) m 
Example 2. scots of the respective probes were formec with me arrangements shown .n Fig. 2 or. a 
nitrocellulose filter. 

Next, from the cultured amniotic fluid cells from test sample donors arbitrarily selected, a double* 
« stranded DNA was extracted in conventional manner and digested with Pvu II. The digested product 
obtained was reacted with phctcbiotin (a product of Bresaiec) in conventional manner to be applied with 
bictin label, and then the aoubte-strar.ded DNA was converted into a single strand by the heating treatment 
at 100 °C for 10 minutes. 
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Z ug ol the labelled sample was added into a solution containing 5 x SSPE (50 mM sodium phosphate 
buffer (pH 7.0). 0.9 M NaCI. 5 mM EDTA], 0.3 % SDS and sonicalion-mocified E. coli ONA (a product cf 
Sigmer) of 10 ug/ml concentration to obtain a hybridization solution. . _ 

By use of the hybridization solution together with the probe-lmmobitl2ed filter previously prepared, pre- 
5 hybridization and hybridization were conducted according to tne same operations as in the item 1-3) in 
Example 1 except that the hybridization conditions were made 50 °C, 16 hours. 

After completion of the reaction, the filter was subjected to washing twice with 2 x SSPE containing 0.1 
% SDS at room temperature for 30 minutes, further once with 5 x SSPE containing 0.1 % SOS at 55 e C for 
10 minutes. 

to When the filter after washing was subjected to the color lormation reaction of biotinylated nucleic acid 
in conventional manner, color formation occurred at the spots of Probe i and Probe 3, and the test sampie 
donor was judged to be suspected of no phenylalaninuria. 

When the same operations as described above were conducted by use of cultured amniotic fluid cells 
from another test sample donor arbitrarily selected, color formation occurred at the spot of Probe 4, and 

is hence the test sample donor was judged to be suspected of phenylalaninuria. 



Example 4 

ao By use of the experimental system according to an example of the present invention of Example 1. 
comparison was made with a prior art example. The probe employed is shown below, which is the same as 
in Example i: 

5 GATCGCCCTTCCCAACAGTTGC6CAGCCTGAATGGCGAATG 3 . 

-Also, as the samples, the same three kinds of Sample A, B. C as in Example 1 adjusted to 
25 predetermined concentrations were employed. 

As the sensitivity investigation according to the example of the present invention, a nitrocellulose filter 
spotted with probes similarly as in Example 1 was prepared. 

As the sampie, ONA applied with the same pre-treatment and labelling as in Example i was prepared, 
and hybridization solutions were prepared to have amounts of 50 ng f 5 ng, 0.5 ng, 0.05 ng and 0.005 ng of 
30 the DNA. 

By use of the hybridization solution together with the probe-immobilized filter previously prepared, pre- 
hybridization and hybridization by use of the hybridization solutions with the respective concentrations were 
conducted according to the same operations as In the item 1-3) in Example 1 except that the hybridization 
conditions were made 50 °C, t6 hours, 
as After completion of th9 reaction, the filter wes subjectec to washing twice with 2 X SSPE containing 
0.1% SDS at room temperature for 30 minutes, further once with 5 X SSPE containing 0.1 % SDS at 55 °C 
for 10 minutes. 

When the filter after washing was. subjected to the color formation reaction cf tiotinylated nucleic acid 
in conventional manner, the following results were obtained. 

40 





50ng 


5ng 


0.5ng 


O.OSng 


O.OOSng 


A 


x 


X 


X 


X 


X 


B 


0 


0 


0 


c 


X 


C 


0 


0 


0 


X 


X 



Note: o - color formation 
x ... no color formation 



That is, it was evidenced that color formation occurred to about 0.05 to 0.5 rg to ©nacie detection. 

On the other hand, as the prior an examplG. firstly the probe was labelled. The laoelling method was 
perlormed by synthesizing a complementary oouole-stranoed DNA corresponding to tne probe, introducing 
biotinylated dUTP at 3-end with the T4 DNA Polymerase, and dissociating the labelled product Into a single 
£5 strand, which w*s used as the probe. 

The sample nucleic acids A, 8 and C were spotted onto a nitrocellulose filter at the amounts shown 
below in Tabls 1. 
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s 






ng 


ng 


ng 


ng 


ng 


A 


50 


5 


0.5 


0.05 


0.005 


B 


50 


5 


0-5 


0.05 


0.005 


C 


50 


5 


0.5 


0.05 


0.005 



T5 

The five kinds of titters were cried anc then oven-dried at 80 °C fcr 2 hours. 

The probe previously prepared was subjected to heating treatment at 95 *C for 5 minutes to be 
converted into a single strand. 

The reaction mixture subjected to the heating treatment was mixed with 100 % formamide 8 ml, 
20 20xSSC 5 ml, 50xDerhardt solution 0.4 ml. 1M sodium phosphate buffer (pH 8.5) 0.4 ml and sonication- 
modified salmon sperm ONA (a product of Sigmer) of 50.0 mg.'ml concentration 0.1 ml to obtain a 
hybridization solution. 

Next, the five kinds of filters having the probe nucleic acid oreviously prepared immobilized in spcts 
were dipped in a mixture of 200 ml of 3xSS0 anc Der.hardt solution (mixing volume ratio t:l) at 42 °C for 
25 30 minutes to effect pre-hybridlzation, then the previous hybridization solution (3 ml) was added therein, 
and the mixture was seated within a po'yethylene bag and left to stand at 42 a C. 

After 12 hours, the filters were token out. washed and *Jie color indication reactions were carried cut in 
conventional manner (Bioindustry. Vol. 3. No. 6, 1989. p479-504, etc.). 

As the result, concerning B and C, detection was possible to the filter cf No. 2. namely to 5 ng. For the 
50 filter spotted with A. no color formation was seen in all of No. 1 to No. 5. 



Example 5 

35 By use of the experimental system according to an example of the present invention of Example 2. 

comparison was mace with a prior art example. 

As an investigation acccroing tc the example of the present invention, similarly as in Example 2. a 41- 

mer oligonucleotide having the following ONA base sequence constituting e part of a plasmid pUC 19 

(Probe A) and a 41 -mer oligonucleotide hawing the tallowing DNA base sequence constituting a pert of a 
*° plasmid pBR 322 (Prob^ B) were synthesized by a ONA synthesizer (a product of ABI. Model 381 A). 

Probe A 

3 *GATCGCCCTTCCCAACAGTTGCGCAGCCTCAATGGCGAATG r 
Probe B 

5 *CCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGT r 
4 $ When the purities of these synthesized products were examined according to the same operation as in 

Example 1 . both were found to have a purity of 95 % or more. These synthesized products were used 

directly without purification In the subsequent operations. 

A solution fcr spotting of each of the synthesized products at 200 ng.'ui concentration was prepared. 

and each 2 ul of the solution was spottec onto a nitroceliutosa filter (a product ol Schleicher & Schanel) so 
50 that the spots cf Probes A and B were orrangoo'as snown in Fig. \ dried anc then baked at 80 °C for 2 

hours. 

Five sheets ol such *i iters were prepared and named No. 1 tc No. 5. 

On the o;her hand, as a sample, a plasmid pUC 19 was labelled according to the following operations. 

Labelling was carried out according to the rac< translation metrwd of Rigby at al. 
55 Nick translation buffer 10 ul. 1 ul~2.5 nM dGTP. 1 ul 2.5 mM dATP, 1 ul 2.5 mM dTTP. biotinylated 
UTP 7.0 ul (ERL). 1 ul ONaso (0.05 us/ml), and a 6impie DNA (pUCi9) 4.0 ul (0.4 ug/4ul) were paced in 
Eppendorf tube to make ddHjO a reaction mixture of 100 ul. After the reaction at 12 °C for 10 minutes, 1 ul 
DNA poymeraze (5 to 10 units) was added. After the reaction was earned out at 1 2 " C for 75 minutes, the 
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reaction was stopped by addition of a stopping solution. The labelled DNA was purified by phenol 
extraction, ethanol precipitation. The purified product was subjected to the heating treatment at 95 °C for 5 
minutes, and then diluted with a reaction mixture for hybridization to amounts of 50 ng, 5 ng. 0.5 ng. 0.05 
ng and 0.005 ng. The reaction mixture for hybridization used was a mixture of 100 % formamide 9 mi. 20 x 
5 SSC 5 ml. 50 x Denhardt solution 0.4 ml. 1M sodium phosphate buffer (pH 6.5) 0 4 ml, (50.0 mg/ml) 
sonicatlorwnodrfied salmon sperm (a product of Sigmer) 0.1 mi. 

By use of the hybridization reaction mixtures of the five kinds of concentrations as mentioned above, 
hybridization wes effected for the 5 sheets of fitters previously prepared. ■ 

For the filter of No. 1, the reaction mixture of 50 ng was employed; for the filter of No. 2. the reaction 
to mixture of 5 ng; for the filter of No. 3. the reaction mixture of 0-5 ng; for the filter of No. *. the reaction 
mixture of 0.05 ng; and tor the filter of No. 5. ttie reaction mixture of 0.005 ng. 

First, me filter having the probe nucleic add Immobilized^ in spots previously prepared was dipped in 
200 ml of a mixture of 3 x SSC and Denhardt solution at 42 * C for 30 minutes to effect pre-hybridization. 
and then the hybridization solutions of the respective concentrations were added es previously shown, and 
rs each mixture was sealed within a polyethylene bag and left to stand at 42 °C. 

After 12 hours, the filters were taken out. washed and the color indication reactions were carried out in 
conventional manner (Blofndustry, Vol. 3, No. 6, 1989, p479*504, etc.). 

As the result for the filters of No. 1, No. 2. No. 3 and No. 4, color formation of blue violet was observed 
at the position spotted with Probe A. That is, color, formation occurred up to 0.05 ng of No. 4. At the position 
23 spotted with Probe B, no color formation could be seen. 

On the other hand, as a prior art example, a double-stranded DNA constituting a part of pUC 19 as 
shown below was synthesized, biolinylated dUTP was introduced at 3 -end with (he T4 ONA Polymerase 
and ire labelled product was dissociated into a single strand and used as the probe for detection according 
to the prior an method. 

25 

5 ATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAAT 3, 
TAGCGGGAAGGGTTGTCAACGCGTCGGACTTACCGCTTA 

30 

Plasmid pBR 322 and plasmid pUC 19 as the sample nucleic acid were spotted respectively onto a 
nitrocellulose filter (a product of Schleicher & Schanel) at the amounts indicated below. 
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ng no no ng ng 
pUC 19 50 5 0.5 0.05 0;O05 



pBR 322 50 5 0.5 0.05 0.005 

The five kinds of filters were dried and then oven-dried at 80 °C fcr 2 hours. 

The probe previously prepared was subjected to heating treatment at 95 °C fcr 5 minutes to be 
converted into a single strand, 
so The reaction mixture subjected to the heating treatment was mixed with 100 % formamide 9 ml, 
20xSSC 5 ml, SOxDerharCt solution 0.4 ml, IM sodium phosphate buffer (pH 6.5) 0.4 ml and sonicatior- 
modified salmon sperm DNA (a product of Sigmer) of 50.0 mg/ml concentration 0.1 ml to obtain a 
hybridization solution. 

Next, the five kinds of filters having the sample nudeic acid previously prepared immobilized in sacts 
ss were dipped ir. a mixture cf 200 ml of 3xSSC and Denhardt solution (mixing volume ratio 1:1) at 42 *C for 
30 minutes to effect pre-hybridizalion. then tNj previous hybridization solution (3 ml) was added Iherein, 
and the mixture wis sealed within a polyethylene bag and left to stand at 42 °C 

After 12 hours, the filters were taker, out, washed ar.d the color indication reactions were carrlec ou; in 

12 



EP 0 407 789 A1 



^™~H<\™*\ manner (Bioindustry, Vol. 3, No. 6, 1989, p479-504, etc.). 

"TZ ?^ of No. . and No. 2. cofcr forma*on of bfue viotet jj. seen - the 

position spotted wrm the sampte of pUC 19. That is. color formaton up to 5 ng of No. 2. 
No color formation couid be seen at all the posiUons spotted with pBR 322. 
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Example 6 

By u*. of the ******* *V«™ "a*** «° » n 01 pfCSent °' * 

"XT.S eToC irSo^Tpro^, . » 4 « •. Exa.p.e 3. and as the sample. Samp* A 
J^JfflSS fudged I" ■»*. 3. an* Sampto 6 suspect of phenya.an.nun. 

the r7»"c^S£es at the arrangements shown in Rrj. 2 simiterty as In Example 3 was prepared. 

S^SrSLon, hav^the amounts of 500 ng. 50 ng. 5 n 0 . 0* ng. 0.05 ^ ng cf the 
DNA applied with the same pre-treatment and label as in Example 3 as a sample were prepared. 
° By^fof the^ndizaL so.ution together with the probe.mrncbilized ^^^^Z 
hybridization and hybridization by us. of the hybridization solutions with the 

Snducted according to the same operations as in the item 1-3) In Example 1 except that the hybrid.at.on 

conditions were made 50 °C. 16 hours- rontsimnn 0 1 

After completion of the reaction, the niter was subjected to washing tw.ee w,th 2 , SS ^ cort»«jB °-' 
% SDS at ™m temperature for 30 minutes, further once with 5 x SSPE containing O.t % SOS at 55 «C for 

10 W^Tthe filters after washing were subjected to the color formation reaction of biotJnylated nucleic add 
in conventional manner, the foliowing results were obtained 
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Sample A 
















500ng 


50cg 


5ng 


0.5ng 


0.05ng \ 


O.OOSng 


Probe i 


0 


0 


0 


0 


0 


X 


Probe 2 


X 


X 


X 


X 


X 


X 


Probe 3 


0 


0 


0 


0 


0 


X 


Probe 4 


X 


X 


X 


X 


X 


X 
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Sample B 





500ng 


50ng 


5ng 


O.Sng 


O.OSng 


O.OOSng 


Probe i 


X 


X 


X 


X 


X 


X 


Probe 2 


X 


X 


X 


X 


X 


X 


Probe 3 


X 


X 


X 


X 


X 


X 


Probe 4 


0 


0 


0 


0 


X 


X 



Note: o ... eoler formation 
x ... no color formation 



On the other hand, es the prior art examole. fi-st. the probes 1 to 4 were labelled. The labelling method 
was performed by synthesizmg a complementary Cocble-strarded DNA corresponOing to me prooes 1 to 4 
introducing biotir.ylated dUTP at 3'-end with T4 DNA polymerase, and dissociating the labelled procuct into 
a single strand, which was ussc as the proba. 

The sample nucleic ac.es A and 6 were spotted onto a nitrocellulose filler at th* concentrat.ons shown 

below in Table i. 
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Filter 



TO 
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No.l 


No. 2 


No. 3 


No. 4 


-No. 5 


No. 6 


ng 


ng 


, ng 


ng 


ng 


ng 


500 


50 


5 


0.5 


0-05 


0.005 


500 


50 


5 


0.5 


0.05 


0.005 



Sample 

A 
B 



The six kinds of filters were dried and then over-dried at 80 °C tor 2 hours. 

The Probes 1 to 4 previously prepared were subjected to heating treatment at 95 °C for 5 minutes to be 
converted into single strands. 

The reaction mixture subjected to the healing treatment was mixed with 100 % formamice 9 ml, 
20xSSC 5 ml SOxDerfcardt solution 0.4 ml, 1M sodium phosphate buffer (pH 6.5) 0.4 ml and somcat.on- 
modified salmon sperm DNA (a product of Sigmer) of 50.0 mg/ml concentration 0.1 ml to obtain fcur kinds 
of hybridization solutions. . 

Next, the six kinds of filters having the prcbe nucleic ecid previously prepared immobilized in spOvS 
were dipped m a mixture of 200 ml of 3xSSC and Denhardt solution (mixing volume ratio 1:1) at 42 °C for 
30 minutes to effect pre-hybridization. then each of the previous hybridization solutions (3 ml) was added 
therein, and the mixture was sealed within a polyethylene bag and left to stand at 42 °C. 

After 12 hours, the filters were taken out washed and the color indication reactions were carried out in 
conventional manner (Bioindustry. Vol. 3, No. 6. 1989, p479-504, etc.). 

The results ere shown below in Tables. 
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Probe 1 




500ng 


50ng 


5ng 


O.Sng 


O.OSng 


O.OOSng 




Sample A 
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X 


X 


X 


X 


X 




Sample B 


X 


X 


X 


X 


X 


X 
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Probe 2 
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O.Sng 


O.OSng 


O.OOSng 




Sample A 


X 


X 


X 


X 


X 


X 




Sample B 


X 


X 


X * 


X 


X 


X 
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Prcbe 3 




SCOng 


50ng 


Sng 


0.5r.g 


O.OSng 


O.OOSng 


Semp:e A 


0 


0 


X 


X 


X 


X 


Sample B 


X 


X 


X 


X 


X 


X 



14 



EP 0 407 789 A1 



probe 4 




500ng 


50ng 


5ng 


O.Sng 


O.OSng- 


O.OOSng 


Sample A 


X 
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Sample 5 
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X 


X 


X 


Note: o ... color formation 










x ... no color formation 
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In the present invention, no requirement tor labelling of the probe nucleic add is demandeo. s.nce the 
sampie nucleic acid is labelled and the probe nudeic add * not labelled. As the resuK, a snort nucleotide 
chain length which is readily available ana also can be prepared to high precision can be utilized, and 
detection can be cone by simple operation even at low concentration. Also, since sample nucleic acid .s 
generally one having long nucleotide chain length, by employment of labelling onto sample nucleic acid, it 
becomes possible to effect efficient labelling by uw of a nonradioactive label, whereby labelling and 
detection operation become safer and simpler. 

Further when detections of pluraJ number of nucleic acids are performed at me same time by use of 
plural kinds of probe nucleic adds. In the method of labelling probe nucleic adds of the pnor art 
cumbersome operations of performing differentiation of plural number of probe nudeic aciCS by use of 
pturcl different kinds of labels have been required, but according to the present invention, labelling of the 
sample nucleic add can be effected with one kind of label, whereby labelling operations can be simplified 
and detections of plural kinds of nucieic acids can be done simply and effidently. 

The present invention provides a nucleic add detection method to detect the presence of a nucleic acid 
to be detected in a sample nucleic add. upon detecting a formation of a nucleic acid to be detected-probe 
nudeic acid hybrid In the reaction between the sample nucleic acid and a probe nucleic add. wherein said 
sample nucleic add it applied with a label available tor detecting said hybrid. 



Claims 

v A nucleic acid detection method to delect the presenca of a nucleic acid to be detected in a sample 
nucleic add, upen detecting a formation ot a nucleic add lo be detected - probe nucleic acid hybrid in the 
reaction between the sample nucieic acid and a prcbe nucleic acid, wherein said sample nucleic acid is 
35 applied with a label available for detecting said hybrid. 

2. The nucleic acid detection method according to claim 1. wherein the probe nucleic acid is immobilized 
on a carrier. . 

3. The nucleic acid detection method according to claim 1 or claim 2, wherein me nuclecbd© chain length of 
the probe nucieic acid is i/iO or less of the nucleotide chain length of the nucleic acid to bo dotected. 

40 4. The nucleic acid detection method according to any one of claims 1 to 3. wherein the nucleic acid to oe 
detected has sequences inherent in i gene clsease. 

5. The nucieic acic detection method according to claim 4, wherein the nucleotide chain length of the proce 
nucleic add is 100 bases or less. 

6. The nucleic acid detection method according to claim 4, wherom tho probe nucleic add is an 
45 oligonucleotide with a nucleotide chain length cf 25 bases or less capable of detecting mo point mutation of 

a gene disease. 

7. A nucleic acid detection method tc detect the presence of a nucieic acid to be detected, corresponding 
to a kind of a probe nudeic acid, whicn has formed a hybrid, in a sample nucleic add. uoon detecting a 
formation of a nucleic acid to be detected - probe nudeic add hybrid in the reaction between the sampie 

3,7 nucleic acid and a probe nucleic acid, wherein saic smapie nucleic add is applied win a taoel available for 
detecting said hybrid. 

8. The nucleic acid detection method according to claim 7. wherein the plural kinds ot orobe nucleic acids 
are immobilized at predetermined arrangements on a carrier. 

55 9. The nucleic add detection method according to claim 8. therein the plural kinds of probe nucleic acids 
and the samp:c are reacted at the same time. 

10. The nucleic add detection mothed according to claim 8 or claim 9. wherein the nucleotide chain lengths 
of the resoectiv* prose nucleic acids have lengths necessary for tna hybrid formation reaction in the 
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respective probe nucleic acids to proceed under the same conditions. 

11. The nucleic acid detection method according to any one of claims 9 to 10, wherein the nucleotide chain 
lengths of the plural kinds of probe nucleic acids are 1/10 or less of the average nucleotide chain length of 
me nucleic acids to be detected, 
s 12. Tho nucioic acid detection method according to any one of claims 9 to n, wherein the nucleic acid to 
be detected has sequences inherent in a gene disease, cancer, a viral infectious disease. 
13. The nucleic acid detection method according to claim 12, wherein the nucleotide chain lengths of the 
plural kinds of probe nucleic acids are 100 bases or less. 

U. The nucleic add detection method according to claim 12. wherein the plural kinds of probe nucleic 
to acids are oligonucleotides with a nucleotide chain length of 25 bases or less capable of detecting the point 
mutation of a gene disease. 

15. An immobilized probe for nucleic acid detection, comprising two kinds or more of probe nucleic acids to 
be hybridized with a labelled nucleic acid to be detected immobilized respectively on the same carrier. 

16. The immobilized probe for nucleic acid detection according to claim 15, wherein the nucleotide chain 
75 lengths of the probe nucleic acids are 1/10 or less of the nucleotide chain length of the labelled nucleic acid 

to be detected. 

17. The immobilized probe for nucleic acid detection according to claim 15. wherein the nucleotide chain 
lengths of said respective probe nucleic acids are controlled respectively so that the hybrid forming 
reactions can proceed mutually between the respective probe nucleic acids immobiiized on the same 

20 carrier. 

18. The immobilized probe for nucleic acid detection according to any one of claims 1 5 to 17, wherein the 
labelled nucleic acid to be detected has sequences inherent in a gene disease. 

19. The immobilized probe for nucleic acid detection according to claim 15. wherein the nucleotide chain 
lengths of the plural kinds of probe nucleic acids are 100 bases or less. 

ss 20. The immobilized probe for nucleic acid detection according to claim 15. wherein the piural kinds of 
probe nucleic acids are oligonucleotides with a nucleotide chain length of 25 base sequences or less 
capable of detecting the point mutation of a gene disease. 
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Sequence Listing 



SEQ ID NO: 1 
SEQUENCE TYPE 
SEQUENCE LENGTH 
STRANDEDNESS 
TOPOLOGY 
MOLECULE TYPE 



Nucleotide 
41 base pairs 
single 
linear 

other nucleic acid 
(plasmid sequence) 
IMMEDIATE EXPERIMENTAL SOURCE synthesized sequence 
HYPOTHETICAL SEQUENCE no 
ANTI SENSE no 



GATCGCCCTT CCCAACAGTT GCGCAGCCTG AATGGCGAAT G 



41 



25 



30 



SEQ ID NO: 2 
SEQUENCE TYPE 
SEQUENCE LENGTH 
STRANDEDNESS 
TOPOLOGY 
MOLECULE TYPE 

IMMEDIATE EXPERIMENTAL SOURCE 
HYPOTHETICAL SEQUENCE 
ANTI SENSE 



Nucleotide 
41 base pairs 
s , ngle 
linear 

other nucleic acid 
(plasmid sequence) 
synthesized sequence 
no 
no 



CCGTTCAGCC CGACCGCTGC GCCTTATCCG GTAACTATCG T 41 

35 
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SEQ ID NO: 3 

SEQUENCE TYPE 

SEQUENCE LENGTH 

STRANDEDNESS 

TOPOLOGY 

MOLECULE TYPE 

ORIGINAL SOURCE 

IMMEDIATE EXPERIMENTAL SOURCE 

HYPOTHETICAL SEQUENCE 
ANT I SENSE 



Nucleotide 
21 base pairs 
single 
linear 
genomic DNA 
human 

synthesized sequence 

no 

no 



20 



TCCATTAACA GTAAGTAATT T 

SEQ ID NO: 4 

SEQUENCE TYPE 

SEQUENCE LENGTH 

STRANDEDNESS 

TOPOLOGY 

MOLECULE TYPE 

ORIGINAL SOURCE 

IMMEDIATE EXPERIMENTAL SOURCE 

HYPOTHETICAL SEQUENCE 

ANTI SENSE 



21 



Nucleotide 
21 base pairs 
single 
linear 
genomic DNA 
human 

synthesi2ed sequence 

no 

no 



2b 



30 



35 



TCCATTAACA ATAAGTAATT T 

SEQ ID NO: 5 

SEQUENCE TYPE 

SEQUENCE LENGTH 

STRANDEDNESS 

TOPOLOGY 

MOLECULE TYPE 

ORIGINAL SOURCE 

IMMEDIATE EXPERIMENTAL SOURCE 

HYPOTHETICAL SEQUENCE 

ANTI SENSE 



21 



Nucleotide 
21 base pairs 
single 
linear 
genomic DNA 
human 

synthesized sequence 

no 

no 



CACAATACCT CGGCCCTTCT C 
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SEQ ID NO: 6 

SEQUENCE TYPE 

SEQUENCE LENGTH 

STRAND EDNESS 

TOPOLOGY 

MOLECULE TYPE 

ORIGINAL SOURCE 

IMMEDIATE EXPERIMENTAL SOURCE 

HYPOTHETICAL SEQUENCE 

ANT I SENSE 

CACAATACCT TGGCCCTTCT C 

SEQ ID NO: 7 
SEQUENCE TYPE 
SEQUENCE LENGTH 
STRANDEDNESS 
TOPOLOGY 
MOLECULE TYPE 

IMMEDIATE EXPERIMENTAL SOURCE 
HYPOTHETICAL SEQUENCE 
ANT I SENSE 



Nucleotide 
21 base pairs 
single 
linear 
genomic DNA 
human 

synthesized sequence 

no 

no 



Nucleotide 
39 base pairs 
double 
linear 

other nucleic acid 
(plasraid sequence) 
synthesized sequence 
no 
no 



ATCGCCCTTC CCAACAGTTG CGCAGCCTGA ATGGCGAAT 



EP 0 407 789 A1 




• : PROBE A 

x : PROBE B 



FIG. I 
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PROBE 3 


PROBE 4 
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